W ithout exception, epidemiologic studies have documented a high prevalence of back problems in nursing personnel (Owen, 1984) . Across occupations, the highest incidence and earliest appearance of work related back problems have been found in heavy industry workers and nurses (Magora, 1970 : Cust, 1972 ; nursing personnel rank fifth among all occupations filing workers' compensation claims for back injury (Klein, 1984) .
The problem may be even greater than published statistics indicate, because Owen (1989) found that 38% of 503 nurses stated they had episodes of occupationally related back problems, but only 34% of those with back pain actually filed an incident report. Those not officially reporting an injury lost an average of 6.5 sick days due to the back pain. Twelve percent of these nurses who had back problems were contemplating leaving the profession because of this occupational hazard. In England, Stubbs (1981) found nurses have twice as much sick leave as a result of back problems as the rest of the working population.
Lifting and transferring of clients have been perceived by nursing personnel to be the most frequent precipitating factors or causes of back problems (Harber, 1985; Jensen, 1985; Owen, 1989; Stobbe, 1988; Stubbs, 1981; Valles-Pankratz, 1989; Venning, 1987) . For example, Owen (1989) found that 89% of the back injury reports filed by hospital nursing personnel implicated a client handling task as a precipitating factor. Stubbs (1981) , through questionnaires, reported 84% of the nurses perceived client handling tasks as important factors in their back pain. Jensen (1985) (through workers' compensation records) found more than 73% of the back strain/sprain cases were reportedly triggered by these tasks. Jensen (1985) also found that of the nursing personnel, nursing assistants (NA) in nursing homes and long term care facilities were at the greatest risk for back problems.
The most common approach to the prevention of these back injuries has been education and training in biomechanics and lifting techniques. Little evidence, however, supports that this approach is effective. Jensen (1990) emphasizes that training is only one component of a comprehensive program for back injury control which also should include an ergonomic approach.
The ergonomic approach is a systematic process which leads to a change in the job demands. As job demands are minimized the risk of back strain/sprain is decreased. According to Jensen (1990) , the ergonomic process involves: the identification of jobs and specific tasks within those jobs which impose great stress on the back; the study and piloting of ways to change the task demands (elimination of the stressful task, substitution of assistive equipment for the back muscles of the nurses, or control of the exposure level), and the implementation of these changes in the work setting.
The purpose of this study was to reduce back stress for nursing personnel by changing the physical job demands. The goals were 1) to determine the most stressful client handling tasks, 2) to conduct an ergonomic evaluation of these tasks, 3) to find less stressful methods for carrying out these tasks, and 4) to apply the less stressful methods in the clinical setting.
The study in relation to the first three goals will be discussed in this paper; goal number four is nearing completion in the clinical setting (see Figure) .
METHODS
Determining the tasks and conducting the ergonomic evaluation (goals 1 and 2) took place in a nursing home/long term care facility in southeastern Wisconsin, owned and operated by county government. Two floors of the facility were used in the study because the 140 residents required help with many tasks. The setting for determining less stressful methods was a laboratory in a university School of Nursing (goal 3).
Thirty-eight of the 57 nursing assistants employed at least half time volunteered as subjects; 36 were females and two were males. They ranged in age from 19 to 61 years, with a mean of 32.8 years (SO = 10.8 years). The average length of employment as a nursing assistant was 7.8 years (SO = 4.7 years). Sixty-one percent (n = 23) stated they lost no work time within the past 3 years due to back problems perceived to be related to work; 16% (n = 6) missed 1 to 7 days; and 24% (n = 9) lost 8 days or more.
Six senior nursing students participated in the laboratory study serving as both clients and nurses. Their mean age was 22.5 years (SO = 0.8), height was 165.3 em (SO = 6.3), and weight was 63.3 kg (SO = 10.8). All stated they had no back problems.
The nursing assistants were asked to list the client handling tasks they perceived as most stressful in their duties. They listed 153 tasks, which were then grouped into 16 task categories. A ranking and rating form was set up with the 16 client handling task categories listed on the left; the ranking column was adjacent to the tasks. On the right half of the form, four columns were established so the subject could enter the amount of exertion felt in four areas of the body (shoulder, upper back, lower back, and whole body) for each of the 16 tasks.
Therefore, 64 spaces were available for the rating of perceived exertion. Borg's Scale (Borg, 1962) for Rating of Perceived Exertion (from six, which is very, very light to 19, which is very, very hard) was attached to the form as well as a body model depicting the four areas of the body. The ranking/rating form was explained and each of the 16 tasks were ranked according to the stress felt while performing the task.
The most stressful task was ranked "1" and the least stressful "16." Using the Borg Scale and body model the subjects rated the amount of exertion felt in each of the four body areas while performing each of the 16 tasks.
An ergonomic evaluation was completed on the 10 tasks perceived as most stressful. This evaluation consisted of a description of the task, frequency of performing the task, length of time needed to complete the task, description of the environment where the task took place, characteristics of the nursing assistants and the clients, and the biomechanical data needed to determine the stressfulness of tasks (amount of forces and torque moments on the Ls/S 1 disc and the percent capable of performing each task [Garg, 1975] ).
Two nurse observers were trained to observe performance of the tasks which included description, frequency, timing, environmental aspects, and the frequency of flexion, rotation, and lateral bending while performing the stressful tasks. They also gathered data on the characteristics of nursing assistants and clients. A research assistant videotaped the stressful tasks to validate and complement these data.
Data were taken from the videotapes for computation of forces and resultant moments at various joints and for comparison of these forces and moments with volitional forces and moments (muscle strength). The data were used to estimate the percentage of the female working population that could be expected to perform the tasks within a safe level of exertion.
These criteria were established for the selection of assistive devices: appropriateness for the task; safe for the client and nurse; comfortable for the client; easy to understand and use; time efficient; minimal maintenance; maneuverable in confined work space; and versatile. A literature search was conducted to find assistive devices that could be used to reduce sttessfulness while performing the 10 stressful tasks.
Because of a paucity of data, a questionnaire was sent to a random sample of 175 long term care facilities in the state (Owen, 1988) . The 122 respondents (70% return rate) reported the most frequently used devices which were appropriate for the 10 stressful tasks were the gait belt and a mechanical lift (H). Additional devices were located through manufacturers and new product coordinators.
A pilot study tested the feasibility of using various client handling 
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Transferring client from bathtub 5 5. Making bed when client is not in it 16 14.1 (2.1) 7-16 methods and assistive devices. This resulted in the decision to study eight different methods for each task. One method would be the typical method presently used in the nursing home. The other methods included: a walking belt with handles using one subject to make the transfer and then with two subjects, a gait belt, a client handling sling, a mechanical lift (H), and two additional lifts (T and A). Six female senior nursing students served as both clients and nurses in the laboratory study. Seven of the client handling tasks ranked and rated as most stressful by the nursing assistants were studied, starting with the most stressful task (transferring the client from toilet to wheelchair). The present method nursing assistants used to carry out this task (grasping the client under the axilla and then lifting/carrying the client to a new location) was demonstrated to the subjects via videotape and also in person by the two investigators.
Each subject practiced the technique until she felt comfortable with it. Then, after completing the transfer, she rated the exertion/stress felt for shoulder, upper back, lower back, and whole body using a nine point exertion/stress scale (Webb, 1983; Blache, 1987) . She also rated her feeling of comfort and security on a seven point Likert Scale (0 = extremely comfortable and 7 = extremely uncomfortable; 0 = extremely secure and 7 = extremely insecure). The "client" also rated her perception of comfort and security. All subjects carried out the transfer as a nurse and as a client; each was timed and videotaped.
After the subject provided subjective data, the biomechanical data were collected. The subject was asked to assume the initial posture at the beginning of the transfer so body angles could be measured. These angles were later verified from the videotape. Pulling forces were measured by attaching a hand force dynamometer to the belt or sling. A static biomechanical model (Garg, 1975) was used to simulate the method and estimate erector spinal force, compressive and shear forces at the Ls/S t disc, task produced moments on the LS/S 1 disc in three directions, and the percentage of female population that would be capable of performing the method based on static strength.
This same procedure was used for the other seven methods for carrying out the task of transferring from toilet to chair. The remaining client handling tasks (using the eight different methods for carrying out each task) followed this pattern.
RESULTS

Determining Stressful Client
Handling Tasks The tasks ranked the highest for Owen, Garg stress were those of transferring clients from one location to another. Transferring the client from toilet to wheelchair ranked first (x = 3.2, SO = 1.7); the second most stressful was transferring from wheelchair to toilet (x = 3.4, SO = 1.9). The tasks of getting the client from the chair to the bed was third (x= 3.7, SO = 2.1), and then back to chair was fourth (x = 4.0, SO = 2.0) (see Table 1 ). Transferring with the bathing and weighing processes were next. The least stressful were the non-transferring tasks that required a large amount of bending and stooping postures.
The greatest amount of exertion was felt in the lower back (x= 14.3, SO = 2.7) while performing the top ranked task of transferring the per- son from toilet to wheelchair. The lower back was also the body region where the most exertion was felt for the other top ranked tasks. All of these ratings were between the somewhat hard to the hard range on the Borg Scale.
Ergonomic Evaluation
The two tasks ranked as most stressful (transfer on and off toilet) will be described. The average time required to toilet a client was 4.2 minutes.
The tasks are: get clean absorbent pad and untie supports (x = 45 seconds(s), 4 flexions of 47 degrees (deg)); lift wheelchair pedals (1 flexion of 44 deg); push wheelchair to toilet; transfer client from wheelchair to toilet, including lifting person to "standing" position, pushing wheelchair away, pulling pants and absorbent pad down while supporting person, turn and lower person to toilet seat (x = 5 flexions of 51 deg, 1 rotation of 33 deg, 1 lateral flexion of 25 deg, support person's weight for 32 s); watch person on toilet; bring wheelchair to toilet; lift and transfer from toilet to wheelchair, including lift person to standing position, wipe person while being supported, put clean absorbent pad on, pull pants up, turn
Locating Assistive Devices
The only assistive devices identified by nursing home personnel per questionnaire were: mechanical lift (H), bathtub lift, gait belt, lift sheet, trapeze, roller board and slide board (Owen, 1988) . Sixty-four percent of the respondents said they used the gait belt very often, 59% used the bathtub lift very often, 52% used lift sheets, and 34% used a hydraulic lift with this frequency. The other devices were rarely used.
Most devices were used for transferring clients from bed to chair and back, to and from the bathtub, and lifting up in bed. Common problems were: time involved, staff inexperience, and lack of availability of devices. Characteristics of clients indicating a need for an assistive device were: inability to support own weight, obesity, weakness, combativeness, confusion, and spasticity.
The respondents (80%) believed that back problems in nursing personnel could be reduced by increased use of client handling assistive devices. The only devices appropriate for the handling tasks under study were the gait belt and the mechanical lift (H). Devices found through the literature and through contact with manufacturers and specialists were a walking belt, two client handling slings, a turn table to help pivot a weight bearing client, and two additional client lifts (lift T and lift A).
Pilot Study
The most difficult criterion to meet was the safety of the nurse when using belts and slings. Body position and movement of the nurse were vital for safe use of these devices. The ability to get close to the client, keep the back in good align-needed when conditions exceed the AL. Administrative controls include preventive measures such as worker selection and training of workers. Engineering controls are needed at or above the MPL. These controls relate to redesign of the job, such as transferring clients with mechanical lifts. and lower person into wheelchair (x = 5 flexions of 53 deg, 1.5 rotations of 7 deg, and 1 lateral flexion of 11 deg); reposition to back of wheelchair and tie supports (x = 2 flexions of 41 deg); and put foot pedals down (x = 1 flexion of 43 deg).
The mean frequency of transfers for this toileting process was 10. Most of the toileting was done in a lavatory which was part of the client's room. This lavatory was 1.4 X 1.5 m (56 X 62") with a 12 em (5") space between the toilet and the wall. Many toilets had hand rails on each side of the toilet for client safety. Because of the confined work space, many NAs left the wheelchair at the door of the lavatory and carried the person to the toilet. The toilet seat height was 40 em (16") while the wheelchair seat height was 45 em (18").
The staffing on floors 1 and 2 was identical with approximately 70 clients per floor and seven NAs per floor per day and evening shifts. The NA characteristics already have been cited.
In general, the client characteristics on floor 1 were: mentally incompetent; spastic or rigid; many were physically dependent, unpredictable, resistive or combative; and weight=x 57 kg (SO=10.5). On floor 2 the clients were: mentally competent; may follow directions but sometimes unpredictable; physically ill, e.g., stroke or Parkinson's disease; most were physically dependent; and the average weight was 63.5 kg (SO = 16.4).
The biomechanical results are estimates because the confined space in the lavatory made it difficult for all of the joint angles to be viewed via the videotape. The estimates of compressive force to the Ls/S j disc according to percentile of client weight were all above the Action Limit (AL) permitted as safe by the Work Practices Guide (NIOSH, 1981) , but below the Maximum Permissible Limit (MPL) (see Table 2 ). 1.8 cant differences were noted between the five manual techniques and between the three mechanical lift transfers in "client" comfort and security ratings (P<.Ol). Among the five manual techniques, the two person walking belt was perceived to be the most comfortable and secure. The manual lifting and gait belt techniques were rated as extremely uncomfortable and insecure (see Table 5 ).
The client handling sling was rated as comfortable but not secure. Among all techniques, the lift A was perceived as being most comfortable and secure. The walking belt methods were rated as more comfortable and secure than the lift T and lift H. The time needed to make the transfer from toilet to wheelchair varied among the eight methods (see Table  5 ). The manual lifting method and the client handling sling took the least amount of time (x = 8.2 seconds, SO = 1.9; x = 8.3, SO = 2.5, respectively). The gait belt and walking belt methods took about 32 seconds; the hoists took an average of 175 seconds.
Manual lift (2)t
Gait belt (2) Walking belt (2) Walking belt (1) Client handling sling (1) Lift (H) (2)
Method tween these methods in relation to degrees of trunk flexion, trunk lateral bending, or trunk rotation. However, the four methods involving pulling required significantly lower forces than the method involving lifting (P<.Ol) (see Table 4 ).
Based on the static strength simulation, 81% of the female workers would be capable of transferring clients from toilet to wheelchair using the walking belt two person method; 74% would be capable of using the gait belt two person method. Only 43% would be capable of transferring with the traditional lifting method. This two person manual lifting method produced significantly larger trunk flexion, lateral bending, and axial rotation moments than any of the four pulling methods (P<.01).
The two person manual lifting method also resulted in a significantly larger erector spinae muscle force, compressive force, and shear force at the LS/S 1 disc than any of the four pulling methods (P<.01). The shear forces at the LS/S 1 disc were almost twice as great with the manual lifting method than with any of the four pulling methods.
In the subjective dataanalysis, signifi-ment, flex the knees, and keep the feet apart with one foot in the direction of the move so as not to rotate the spine were all important. The transfers were safer when a gentle rocking motion was used to provide the kinetic energy so a pulling (not lifting) action could be used to transfer the client (Owen, 1990) . The walking belt with handles and the client handling sling with finger grips met the criteria, so were recommended for further study. The gait belt was recommended because of its frequent use in nursing homes.
The client handling sling with rings for hand grips was declined because one could not get and keep a firm grip. The turntable was also declined because many clients could not bear weight or were unpredictable in their ability to stand. All three client lifts were recommended; lift H was least comfortable, but it was used frequently according to the questionnaire so it was accepted for further study.
The slide board was rejected because many clients did not have the upper body strength nor the cognitive ability to use it. A shower/toilet chair with foot pedals and wheels was specifically chosen for the study so that toileting and showering could be done sequentially, and hence several transfers could be eliminated.
Laboratory Study
Results from the task of transfer from toilet to wheelchair will be discussed. Each of the six subjects carried out the eight different methods for performing this task. Of the five manual methods, the traditional method of lifting the client under the axilla was perceived to be most stressful; the average stress rating (on a scale of 0 = no stress to 9 = extreme stress) for this method was 7.2 (SO = 1.2) (see Table 3 ). The walking belt was rated the least stressful method of the manual methods and lift A received the least stressful rating (x = 1.8, SO = 1.0).
Biomechanical analysis of the five manual transferring methods revealed no significant differences be- those of transferring the client on and off the toilet and in and out of bed, and the transfers involved with the bathing and weighing processes. Evaluation of the method the NAs used to make these transfers indicated they most often lifted and carried the client from one location to another.
There was little variation of this method from one NA to another, or from one client to another. The NAs were quite consistent in indicating the low back as the body part where the greatest amount of exertion was felt during a transfer. These findings are not surprising in that the lifting task was found to be biomechanically very stressful.
The highest rankings and ratings were given to the tasks involved with toileting. Three factors may be important: 1) the toilet seat was 2 inches lower than the wheel chair seat, therefore the NAs had to lift clients up to clear the wheelchair seat; 2) many of the toilets had a hand railing on each side of the toilet seat so the NAs had to lift and carry clients around these railings, and 3) the confined work space may have increased the frequency of asymmet-ric lifting, trunk rotation, and trunk flexion movements. Kilborn (1985) found confined work space to be important to back stress in relation to the duration of each lift and the frequency of lifting in awkward positions.
The ergonomic evaluation (including the biomechanical analysis) indicated most of the client handling tasks involved actual lifting and carrying of the clients. Most of the lifting was asymmetrical. Most of the estimates of compressive force to the Ls/S\ disc were above the AL but below the MP recommended by NIOSH. However the AL and MPL in the NIOSH Work Practices Guide were based on two handed, symmetric lifting, and this type of lifting rarely occurred in the clinical setting. The Work Practices Guide Committee (NIOSH, 1981) stated that the hazards of asymmetric lifting have not been documented in controlled field studies but "biornechanically one must be concerned." This concern is based on the fact that the load is on one side of the lifter's body; hence, the lateral bending moment on the lumbar column and the lordotic curvature of the column produces a rotation of the vertebrae. Banaag (1988) found a significant decrease in maximum acceptable weights and static strength with asymmetric lifting as compared to symmetric lifting. Therefore, it is possible that many or most of the stressful client handling tasks in this clinical setting were at or above the AL. This would indicate a need for engineering controls, such as redesigning the job by decreasing the exposure level or increasing the use of assistive devices.
Few assistive devices were found that fit the criteria established for this study. The major criterion not fulfilled was that of safety of the nurse. More nurses and nursing personnel need to become active in helping to plan or devise assistive devices that fit criteria and do indeed decrease back stress for nursing personnel.
The laboratory study showed that a gentle rocking motion, adequate enough to create kinetic energy so a pulling movement could occur, required significantly lower hand forces than the traditional manual lifting method for transferring the client from toilet to wheelchair. In addition, these lower hand forces resulted in significantly lower trunk moments, erector· spinae muscle force, compressive force, and shear force at the LS/S 1 disc. The mean compressive forces of 1974 N to 2042 N estimated for the four pulling methods for transferring from toilet to wheelchair were considerably lower than the 3430 N Action Limit recommended as safe in the Work Practices Guide for Manual Lifting by NIOSH (1981) .
One might be concerned that being pulled from one location to another would be very uncomfortable. However, the "clients" rated three of the four pulling methods as very comfortable. The fourth pulling method (gait belt) was rated as extremely uncomfortable. The subjects noted that with no hand grips on the belt they had to grip under the belt and, therefore, the client could feel the knuckles. In addition, the gait belt tended to slide up as the client was being transferred.
In the laboratory the four manual pulling methods produced similar and acceptable levels of biomechanical stresses. However, the subjective data on stress/exertion were quite different. This indicates the importance of determining both the subjective as well as the biomechanical stresses when evaluating a client transfer technique or device. For example, the gait belt was very accepta-ble biomechanically, but the perceived stress/exertion was high. Again, this was probably due to lack of hand grips or a sliding belt.
Also, one cannot assume that a mechanical hoist will always reduce physical stresses. Two of the three mechanical hoists were perceived to be as stressful or more stressful than the manual transfer methods with the walking belt. The subjects stated their perceived stress levels were higher with the hoists because of the body postures needed for positioning the slings and the stress involved when pushing the hoist with the client in it.
The amount of time required for each client handling task is a very important variable. Bell (1984) and Owen (1988) found that nursing personnel would not use assistive devices if much more time were involved. The walking belt took four times longer than the transfer using the manual lifting method. Lift A took 17 times longer. This additional transfer time may be a problem for Transferring the clients from toilet to wheelchair was the task ranked as most stressful by nursing assistants in a nursing home.
The compressive force to the LsS, disc by client weight during the toilet to wheelchair transfer exceeded the action limit permitted as safe by NIOSH.
Two of the three mechanical hoists were perceived to be as stressful or more stressful than the moment transfer methods with the walking belt.
Of the five manual methods for transferring, the use of the walking belt was determined to be least stressful and most comfortable for nursing subjects and clients. 
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